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Process for high temperature gaseous reduction of calcium sulfate
Abstract
Calcium sulfate is subjected to gaseous reduction at a high temperature to obtain an SO2 containing gas
product and a CaO solid product. The reduction is carried out in a fluidized reaction bed by flowing
proportioned air and natural gas into and through the bed to fluidize the finely divided calcium sulfate and to
heat to reaction temperatures. The natural gas is only partially burned within the bed, thereby also producing
reducing quantities of CO and H2. In a preferred embodiment, the calcium sulfate feed is preheated by direct
contact with the gas product to recover part of the heat therefrom, and the gas product of reduced heat
content is then subjected to indirect countercurrent heat exchange with the air being supplied to the reaction
bed.
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ABSTRACT: Calcium sulfate is subjected to gaseous reduc 
tion at a high temperature to obtain an SO2 containing gas 
product and a CaO solid product. The reduction is carried out 
in a ?uidized reaction bed by ?owing proportioned air and' 
natural gas into and through the bed to ?uidize the ?nely di 
vided calcium sulfate and to heat to reaction temperatures. 
’ The natural gas is only partially burned within the bed, 
thereby also producing reducing quantities of CO and H2. In a 
preferred embodiment, the calcium sulfate feed is preheated 
by direct contact with the gas product to recover part of the 
heat therefrom, and the gas product of reduced heat content is 
then subjected to indirect countercurrent heat exchange with 
the air being supplied to the reaction bed. 
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PROCESS FOR HIGH TEMPERATURE GASEOUS 
REDUCTION OF CALCIUM SULFATE 
BACKGROUND AND SUMMARY 
Our two prior U.S. Pat. No. 3,087,790 and 3,260,035 dis 
close a process for the reductive decomposition of calcium 
s'l'ate, and a method for recovering the sulfur dioxide from 
the gas product. Gypsum (CaSO2-2I-I2O) or anhydrite (CaSO.,) 
may be used as the feed, although anhydrite is preferred, and 
lime (CaO) is produced as a byproduct. While the process has 
many attractive features, further investigations with respect 
thereto have shown that the required high reaction tempera 
tures (viz 2,l50°-2,250° F.) create design and operational 
problems. 
Instead of utilizing a plurality of separate ?uidized reaction 
beds as disclosed in our prior patents, we now believe that 
greater economies and e?iciencies can be obtained by utiliz 
ing a single ?uidized bed. Further, it is then practical and ad 
vantageous to simultaneously heat the reaction bed and to 
provide the required reducing gas by in situ partial com 
bustion of natural gas to provide a hot reducing gas. To ac 
complish’ this, a carefully proportioned mixture of air and 
natural gas are supplied to the ?uidized bed, with or without 
premixing, by without any precombustion. The mixture burns 
within the bed to produce sufficient heat to maintain the 
required reaction temperature, and at the same time provides 
the CO and H, reducing gas. 
The advantages of the single reaction bed in situ process are 
further enhanced where the calcium sulfate feed to the bed, 
and/or the combustion air are preheated by contact with the 
hot gas product from the bed. In a preferred embodiment, the 
hot product gas is ?rst directly contacted with the incoming 
?nely divided calcium sulfate, preferably countercurrently, 
and thereafter the product gas of substantially reduced tem 
perature is subjected to indirect countercurrent heat exchange 
with the incoming combustion air. This sequence of steps not 
only provides for maximum heat recovery, but has important 
operational and equipment advantages, which were not ap 
preciated prior to the present invention. The amount of fuel 
(e.g., natural gas) for the process can be reduced by as much 
as 35 to 45 percent, and the concentration of sulfur dioxide in 
the product gas substantially increased. For example, the mole 
percent of S02 in the product gas can be increased to at least 8 
percent, and under optimum conditions, concentrations in ex 
cess of 10 percent can be attained. Another important ad 
vantage is that the ?uidized bed reactor for processing a given 
quantity of calcium sulfate feed per day can be designed with a 
substantially smaller diameter, thereby substantially reducing 
its manufacturing and installation costs. A still further ad‘ 
vantage is that optimum heat recovery is feasible while using 
heat exchangers equipped with conventional-type metal tubes. 
Where the product gas temperature is ?rst reduced by heat 
exchange with the calcium sulfate feed, the maximum tube 
wall temperature of the gas-air heat exchanger can be kept 
below l,500° F., thereby making it feasible to utilize relatively 
conventional metals, such as standard types of stainless steel 
THE DRAWINGS 
Certain features of this invention are shown in illustrative 
?owsheet embodiments in the accompanying drawing, 
wherein - 
FIG. 1 is a simpli?ed ?ow sheet illustrating the single bed in 
situ features of the present invention; 
FIG. 2 is a detailed ?ow sheet illustrating an embodiment of 
the present invention; and 
FIG. 3 is a partial flow sheet illustrating a modi?cation of 
the feed preheating procedure of FIG. 2. 
DETAILED DESCRIPTION 
The present invention represents an improvement on the 
processes described in our prior U.S. Pat. No. 3,087,790 and 
3,260,035. Consequently, the disclosures of these patents are 
incorporated herein by reference. 
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ln practicing the present invention, the feed is preferably a 
calcium sulfate anhydrite mineral, or a mixture of anhydrite 
and gypsum. However, as described in the above-cited 
patents, gypsum feeds can also be utilized. The calcium sulfate 
feed is prepared by crushing, grinding and‘ screening to 
produce a ?nely divided feed of relatively uniform mesh size, 
such as-6 to +65 mesh (Tyler Standard Screen). 
The feed is supplied to a ?uidized bedreactor providing a 
single reaction bed. As is subsequently described, the reactor 
may contain another ?uidized bed for the, purpose of preheat 
ing the calcium sulfate, butit‘will usually not be vdesirable to 
employ more than a single reaction bed. For greater-capacity 
plant operation, it is preferred to employ a plurality of 
separate reactors. . I s 
It will be understood that the reactor bed will be designed in 
accordance with well known principles so that the-‘bed of ?ne 
ly divided calcium sulfate is capable of being ?uidized by a 
?uidizing gas mixture. In accordance with the present inven 
tion, the gas mixture consists of unburned natural gas mixed 
proportionately with air so that there is a de?ciency of oxygen 
for complete combustion of the natural gas. Usually on a CH4 
basis, it will not be desirable to employ more than 1.8 moles of 
02 per mole of C in the natural gas, but usually at least about 
1.3 moles 02 per mole of C will be needed. In general, it is 
desired to control the combustion to maximize the sulfur diox 
ide in the off-gas while at the same time avoiding any substan 
tial amounts of incompletely oxidized sulfur products, such as 
free sulfur, hydrogen sul?de, or carbonyl sul?de. The partial > 
combustion within the bed should produce suf?cient reducing 
agents (CO and Hz) for the desired reduction, while avoiding 
any large excess in the off-gas. The process is considered feasi 
ble when the product gas containsat least 5- 6 mole percent 
of S02, and substantially free of hydrogen sul?de or carbonyl 
sul?de. It is also preferred to have the product gas contain less 
than l-2 mole percent each of CO and H2. Under optimum 
conditions, the product gas is composed substantially entirely 
of S02, C02, H20, and N2. ' . 
Some of the features of the present invention are illustrated 
by the diagrammatic ?ow sheet of FIG. 1. A prepared an 
hydrite feed is shown being supplied through line 10, which 
may consist of a suitable feeding device such as a screw con 
veyor. The feed is introduced at one side into the lower por 
tion of a reaction bed B of the single stage ?uidized bed reac~ 
tor 11. The bed is supported on a perforated plate 12, such as 
a porous or perforated ceramic plate. As shown, the air is in 
troduced through a line 14 and the natural gas through line 15 
into a distribution chamber 13 below the plate 12. However, 
the air and gas can be introduced separately into the bed B, as 
may be desirable where the air has been preheated to a tem 
perature which would initiate combustion on mixing with the 
gas. It will be understood that a proportioned intermixing of 
the air and gas before or in the bed is desirable, and that a 
supply of air or the air-gas mixture should be supplied at a 
uniform rate across the full width of the porous plate 12. From 
what has been previously stated, it will be understood that the 
natural gas and air should not be burned (even partially) be 
fore entering the bed B. The volume of the air-gas mixture in 
troduced into and passing through the bed B will maintain the 
?nely divided calcium sulfate and the resulting reduced solid 
particles in a ?uidized state. The bed is maintained at a reac 
tion temperature, such as approximately 2,200° F., by the par 
tial combustion, and at the same time the calcium sulfate is 
subjected to a reducing atmosphere containing the carbon 
monoxide and hydrogen. The basic reactions occurring within 
the bed B are believed to be as follows: 
Equation (l) represents the full combustion of the natural 
gas, using methane as the reference, since this will ordinarily 
be the major component of the natural gas. Equation (2) illus 
trates the partial combustion which produces the required 
3,607,045 
3 
quantities of carbon monoxide and hydrogen. These reducing 
agents then react with the calcium sulfate as represented by 
equations (3) and (4), the products being sulfur dioxide and 
lime with the oxidation of the reducing agent to either carbon 
dioxide or water. Since reactions (3) and (4) are highly en 
dothermic, reactions (1) and (2) must supply sufficient heat 
to maintain the reaction temperature in a range of about 
2,l50°-2,250° F. As previously indicated, this means that the 
product gas from bed B will have the temperature of the reac 
tion bed, and will thereby contain large amounts of sensible 
heat. One arrangement for a complete process is shown in 
FIG. 2. 
Referring now to the FIG. 2 ?owsheet, the prepared an 
hydrite is passed to storage in bin 100 from which it is 
dispensed to a weighing feeder 101, the weighed feed material 
being supplied to the preheating ?uidized bed reactor 102 by 
the top inlet 103. The reactor is shown jacketed to indicated 
that it is insulated. The feed is ?rst supplied to an upper bed P, 
which may be a ?uidized bed, but is utilized for preheating and 
not for reaction. The bed P is supported on a base 104 which is 
provided with a plurality of upwardly extending passages. 
Beneath the bed P is the reactor bed R, which is also sup‘ 
ported on a perforated base 105 having gas passages extending 
vertically therethrough. The supports or bases 104 and 105 
can be formed of a suitable ceramic material, as is well known 
in the art. 
Beneath the support 105 is a chamber 106 into which pre 
heated air is introduced through line 107. The unburned natu 
ral gas (depending on the air temperature) can also be in 
troduced into chamber 106, but to preclude preburning, it is 
shown as entering bed R through a line 108. In the bed R the 
gas is distributed and mixed with the air after the air passes 
through the support 105. As indicated by the arrows, the air or 
gas-air mixture ?ows upwardly through the bed support 105 
and through the bed R, which consists of preheated calcium 
sulfate transferred from bed P, and in its upper portion of the 
component CaO. As indicated, the preheated calcium sulfate 
is transferred from the bed P to the bed R, and after a suitable 
. residence time therein is converted to calcium oxide, which is 
removed through the line 109. 
The product gas from bed R as indicated by the arrows, 
?ows upwardly through the base 104 and through the bed P, 
where it is in direct heat exchange contact with the incoming 
calcium sulfate. The temperature maintained in the bed P is 
well below the reaction temperature, and preferably does not 
exceed l,600° F. A suitable temperature range is about l,500° 
to l,600° F. Usually, it would be desirable to maintain a tem 
perature in bed P of at least 1,400’ F. 
The gas product after heat transfer contact with the incom 
ing feed in bed P is removed at 110 through a cyclone separa 
tor, a portion of the dust being returned to the bed P. The par 
tially cooled gas is passed through line 111 to cyclone separa 
tors 112, 113 where the rest of the dust is removed. The sub 
stantially dust free gas is then passed to a counter current heat 
exchanger 114 where it is subjected to indirect countercurrent 
heat exchange contact with the combustion air which is sup 
plied through a line 115 by a blower 116. Preferably, the air is 
heated in heat exchanger 114 to a temperature of at least 
l,400° F. For reasons of equipment economy, it is preferred to 
limit the maximum temperature of the heated air to l,500° F. 
or less. To maximize the advantages of the heat recovery 
system of the present invention, however, it will be desirable 
to heat the air in heat exchanger 114 to at least I,300° F. 
As indicated, the cooled product gas from heat exchanger 
114 is passed to a plant for recovery of the sulfur dioxide, and 
this plant preferably also includes a conversion of the sulfur 
dioxide into sulfuric acid. Since these procedures are well 
known in the art and do not fonn a part of the present inven 
tion, they will not be described herein. As further indicated, 
the lime product after removal through the line 109 is passed 
to a cooler 117. The cooled lime product can be further 
processed, as is well known in the art of preparing calcium 
oxide products for commercial utilization. If the lime contains 
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objectionable amounts of CaS, or CaSO4, special treatments 
can be utilized to reduce these components while increasing 
the CaO content, and if desired, recovering additional S02 
containing gas. 
A modi?cation of the process is illustrated in FIG. 3. For 
convenience of reference, the same numbers are used, except 
that they are primed to indicate the modification. 
In the illustration of FIG. 3, the preheating fluidized bed 
reactor 102' has been modi?ed by the removal of the upper 
fluidized bed, which in the embodiment of FIG. 2 was utilized 
to preheat the calcium sulfate feed. As a substitute for the bed 
P, there is provided an insulated gas-solids contactor 200 
providing a series of descending, alternating chutes or shelves 
201, which cause the feed material to slide downwardly 
thereon and to be progressively transferred back and forth. On 
discharge from the lowermost shelf 201, the feed collects at 
the bottom of the contactor, as indicated in FIG. 3, and is 
transferred to reactor 102' through line 203 and inlet 103'. In 
contactor 2.00, the hot product gas ?ows over and around the 
descending solids in heat exchange relation therewith. The 
partially cooled gas is removed through line 111'. The feed F 
entering the contactor ?ows downwardly along 200 through 
inlet 204 and is brought into countercurrent contact with the 
product gas, which enters from reactor 102' through line 202. 
The feed is thereby preheated with the removal of part of the 
sensible heat of the product gas. With this arrangement, the 
amount of heat removed can be as much or greater than 
described in connection with the embodiment of FIG. 2. With 
this embodiment, the cooled gas can have a temperature 
below l,600° F. and preferably below l,500° F. Temperatures 
in the range of l,400° to l,600° F. can be used, such as 1,400° 
to l,500° F. Instead of contactor 200, a moving bed solids-gas 
contactor, or a rotary kiln contactor can be used. 
It will be understood that the cooled product gas in line 1 l l ’ 
of FIG. 3 is preferably passed to a countercurrent heat 
exchanger such as the heat exchanger 114 described in con 
nection with FIG. 2. In this heat exchanger, the air will be pre 
heated for supply to chamber 106' through the line 107’. As 
shown, the gas fuel is injected from both sides of bed R’. While 
natural gas is the preferred fuel and reductant, it can be em 
ployed with a solid carbon fuel, such as coke charged with the 
CaSO, feed. It will be understood that the gas may contain 
other components than methane, such as ethane or other 
hydrocarbon gases. 
This invention is further illustrated by the following specific 
examples. 
EXAMPLE I 
This test was carried out in a ?uidized bed reactor which‘ 
consists of a tubular section having an inside diameter of IO 
inches. Gases were admitted through a porous ceramic plate 
at the bottom of the reactor and removed through a pipe 
which passed through the top closure. Solids were fed at a 
controlled rate by a feed screw which discharged at a point 
just above the gas distributor. Reacted solids were removed 
continuously through an over?ow pipe, the top end of which 
was 31 inches above the bed support and/or gas distributor, 
Assuming that the top of the ?uidized bed would have been 
even with the top of the over?ow tube, the bed volume would 
have been 2,340 cu. in. All parts of the reactor which came in 
contact with the ?uidized bed were constructed of refractory 
materials such as silicon carbide and castable alumina refrac 
tory. The temperature of the ?uidized bed was determined by 
chromel-alurnel thermocouples placed in silicon carbide ther 
mowells which were inserted in the bed. Compressed air and 
natural gas were metered individually and mixed before 
reaching the gas distributor at the bottom of the reactor. The 
gas which issued from the top of the reactor was passed 
through a cyclone separator to remove most of the entrained 
solids and then passed through a water scrubber before being 
vented. Samples of the product gas were ‘collected from a 
point between the cyclone separator and the scrubber for 
3,607,045 
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analysis by gas chromatography. In order to minimize heat 
losses, the sides and top of the reactor were surrounded by a 
concentric chamber which was heated by four gas burners. 
During operation some heat may have flowed from the outer 
chamber into the reactor but the amount was probably small. 5 . . . . . 
A natural ore of calcium sulfate which had been crushed ous comaqmg dev'ces .can be utlhzed for thls purpose’ Such as 
i . a rotary k1ln. The feed is preheated to a temperature of l,400° 
and screened to —8 +16 mesh me was fed to the reactor at a l 600., F d th f h d . 
onstant rate of 70 lb./hr. The material had the followin a - to ’ - " an 6' temperatiue o t e pro tic‘ gas is cor‘ 
c . . . _ g p respondmgly reduced. The partlally cooled gas is then passed 
proximate composition‘ 10 to a countercurrent indirect heat exchanger, where it is 
brought into heat transfer relation with the combustion air. 
The combustion air is heated to a temperature of l,300°—l 
Weight% ,500° F., and then mixed with the natural gas, the resulting 
mixture being burned in the ?uidized bed, as described in ex 
Anhydrile (0:50,) 73.4 15 ample I. These improvements result in a substantial reduction 
Gyplum (CBSOrZI'?O) 24.4 in the amount of natural gas required to maintain the reaction 
ca'ciu‘“ and ma$““i“'“ cafbma‘" 0-6 temperature of the bed, and also in a substantial increase in 
“mm!” and ‘mm mum's "6 the sulfur dioxide content of the product gas. For example, the 
amount of natural gas can be reduced from 35 to 45 percent, 
‘00-00 20 or higher; and the concentration of the sulfur dioxide in the 
product gas can be increased from 6 percent up to at least 8 
percent, or greater. ' .v 
Natural gas was fed to the reactor at a constant rate of 0.62 lb. 
moles/hr. and air at a rate of 4.5 lb. moles/hr. When steady- EXAMPLE "I . 
state operation was achieved after several hours of operation, 25 In the o eration of a plant utilizing the flow sheet of FIG 2’ 
the tempemmre of the ?mdlZFd bed was 2'50‘, F‘ zfmd the operating pconditions can be established on the assumption 
Pressure above the bee! Shgh?y above zitmosphenc pres' that the natural gas is composed entirely of methane, and that 
sure. Under these condltlons 20 lb./hr. of Solids passed out the it is Supplied at 600 R and 1 atmosphere_ The air can also be 
over?ow tube, and ll lb./hr, of solids were entrained in the assumed to be Supplied to ‘he blower at 60° F‘ and l ab 
gas issuing from the reactor. These SOlldS were of the followmg 30 mosphere' The feed can be assumed to be prepared anhydrite 
average approximate composition: having a mesh Size of_6 to +65_ ' 
On the foregoing assumptions, the approximate operating 
conditions can be illustrated as follows: i' ' 
weigmq, 35 The natural gas is supplied at the rate of 1,600 c.f.m., and 
Over?ow Entrained the air at the rate of 9,740 c.f.m. The reaction bed of the 
?uidized reactor is maintained at a temperature of substan 
Caso 91 139 tially 2,200” F. The incoming anhydrite feed is preheated in 
CBS 21 15-9 the upper bed to a temperature of about l,565° F. The 
C30 85-0 62-5 40 product gas from the reaction bed is thereby cooled to the 
om" 3'6 2‘7 same temperature, and after removal of the dust, is passed to 
the heat exchanger for contact with the incoming air. In this 
‘000 ‘000 heat exchanger, the air is heated to about l,4l0° F., and the 
product gas is cooled to about 800° F. 
_ _ _ _ _ 45 With the foregoing conditions, the plant can be operated at 
At the same time the gases r1s1ng from the fluidized bed were a feed capacity of 450 tons of anhydrite per day, and the 
found to have {he following average composition after drymg: resulting lime product will be about 175 tons per day. The op 
timum composition of the product gas can be approximated 
as: 
mole % 50 
$0‘ 6.0 Component Mole % 
co, 13.2 
Co 1.0 ~ 
°= *8 55 2%’, 13:? 
N‘ 78'0 11.0 21.1 
N, 55.8 
100.0 
100.0 
‘ 60 
The solids which issued from the over?ow pipe were 94 per 
cent desulfurized while the entrained SOlldS were percent AS compared with process operations where no heat is 
desulfurized. The yield of sulfur dioxide based on an analysis recovered from ‘he product gas to preheat the feed, the 
of the product gas was 59 percent while the indicated yield amount of natural gas required for the process is reduced by 
based on the sulfur removed from the solids was 87 percent. 6 5 about 45 percent, only ()_85 moles of methane (Cl-La basis) 
The latter lS probably the more accurate ?gure, since difficul- being required-per mole of calcium Sulfate’ as compared with 
ty was experienced in obtaining an accurate gas analysis. Dur- 1.52 moles of methane per mole of calcium sulfate where no 
ing the period of steady-state operation, the average residence heat is recovered. Further, the concentration of sulfur dioxide 
time in the reactor of the solids issuing from the over?ow pipe in the product gas can be increased by 90 percent, the concen 
was estimated to be aboutZhr. 70 tration being 12.6 percent as compared with 6.6 percent. 
The results demonstrate the technical feasibility of a Further, since the total volume of gas handled is reduced by 
process for the partial combustion of natural gas and the about 48 percent, the diameter of the ?uidized bed reactor 
simultaneous reaction of calcium sulfate with various reducing can be reduced by as much as 28 percent. Still another ad 
components in the system to produce a sulfur dioxide bearing vantage is that the countercurrent gas-air heat exchanger can 
75 be operated with a maximum tube wall temperature of 1,500” gas, all within the same ?uidized-bed system. 
6 
EXAMPLE II 
In a further extension of the process described in example I, 
the anhydrite-gypsum feed is preheated by direct countercur 
rent contact with the product gas from the ?uidized bed. Vari 
3,607,045 
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F., making possible the use of a'conventional steel alloy, such 
as Type 446 stainless steel. 
We claim: 
1. in a continuous process of high temperature gaseous 
reduction of calcium sulfate to obtain a gas product contain 
ing recoverable S02 and a solid CaO product, the steps of 
providing a bed of ?nely divided calcium sulfate capable of 
being ?uidized, flowing proportioned air and natural gas into 
said bed to maintain it in a ?uidized state, partially burning 
said natural gas within said bed to heat said bed to a tempera 
ture of substantially 2,150° to 2,250° F. and to produce reduc 
ing quantities of CO and H2, said air providing from about 1.3 
to 1.8 moles of 02 per mole of C in said natural gas. 
2. The process of claim 1 in which all of the burning of said 
natural gas occurs within said bed and the said calcium sulfate 
in said bed is subjected only to the reducing action of the 
resulting CO and H2. 
3. The process of claim 1 in which said gas product from 
said bed is directly contacted with a calcium sulfate feed to 
said bed to preheat said feed and remove part of the heat from 
said gas product. 
4. The process of claim 1 in which said gas product from 
said bed is subjected to indirect countercurrent heat exchange 
contact with air supplied to said bed before said air is mixed 
with said natural gas, thereby preheating said air and removing 
part of the heat from said gas product. 
5. The process of claim 4 in which said preheated air is 
mixed with said natural gas without igniting said natural gas 
before the said natural gas and air are introduced into bed. 
6. The process of claim 1 in which said gas product from 
said bed is directly contacted with a calcium sulfate feed to 
said bed to preheat said feed and remove part of the sensible 
heat from said gas product, and in combination therewith the 
said gas product after said partial heat removal is subjected to 
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indirect countercurrent heat exchange contact with the air 
supplied to said bed, thereby preheating said air and removing 
more of the sensible heat from said gas product. 
7. The process of claim 6 in which said preheated air is 
mixed with said natural gas without igniting said natural gas 
before its admixture with said air is introduced into said bed. 
8. In a process of high temperature gaseous reduction of cal 
cium sulfate in a ?uidized bed reactor to obtain a product gas 
containing recoverable S02 and a CaO product, the steps of 
feeding preheated ?nely divided calcium sulfate to the 
?uidized bed of said reactor, said calcium sulfate feed being 
preheated by directly contacting it with said hot product gas, 
thereby recovering part of the sensible heat from said product 
gas, thereafter indirectly contacting said product gas with a 
stream of air to recover more of the sensible heat from said 
product gas, passing the resulting heated air and a supply of 
natural gas to said ?uidized bed reactor, and partially burning 
said natural gas with said heated air to provide heat and reduc 
ing gas for said gaseous reduction. 
9. The process of claim 8 wherein said calcium sulfate feed 
is preheated in a fluidized bed by passing said product gas 
therethrough, and the preheated feed is transferred to the 
?uidized bed of said reactor for said gaseous reduction. 
10. The process of claim 8 in which said calcium sulfate 
feed is caused to flow along a tortuous path in direct counter 
current contact with said gas product. 
11. The process of claim 8 in which said ?uidized bed is 
maintained at a temperature of substantially 2,l50° to 2,250° 
F., said calcium sulfate feed is preheated to a temperature of 
at least l,500° F ., said air is heated to a temperature of at least 
l,400° F., and said product gas as a result of both said heat 
recovery steps has its temperature reduced to at least 900° F . 
